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Abstract
The use of information technology to support work and aid in decision making has
brought about new ways of displaying information on computer screens. The more
information required, the more complex those displays have become. Goals of this
research project were to 1) develop and test basic methodology for recommending
complex display color coding and 2) to use results from that methodology to recommend
specific changes to the Work-Centered Support System for Global Weather Management
(WCSS-GWM) application. The on-going research shows how a simple laboratory search
technique may be used to recommend chromaticities and other characteristics for use in

current and future systems.

CHOOSING COLORSFOR WORK-CENTERED SUPPORT
SYSTEMSFOR COMMAND AND CONTROL USING A VISUAL

SEARCH TASK

Early display designers were constricted by availability and expense of display
technology. Color displays, when first available, were cost prohibitive. As technology
improved and costs decreased, display complexity increased. Design was guided by
‘engineering judgment,” ‘common sense,” and the way things had been done on paper. In
response to user problems and needs, human factors professionals have been increasingly
involved in display design. More and more, interface issues began to be addressed
empirically. Human factors display guidelines have been developed (for an example, see
Helander, 1987) and are now regularly applied to new technological advances.

Human factors experts have developed some general guidelines regarding the use

of color in displays. In general, human factors guidelines recommend against using more



than ten colors for the smple coding of information and that color use should be as
limited as possible given the particular application (Helander, 1987). Color is
particularly useful in allowing the user to easily find a particular symbol in a dense
display, for drawing attention to particular information, and for alowing the user to
rapidly sort and/or categorize information. Guidelines also suggest that red, green, and
yellow be reserved for representing danger, safe conditions, and caution, respectively
(Helander, 1987). Current military standards (DoD, 1989) specify that “red shall be used
to alert an operator that the system or any portion of the system is inoperative or that a
successful mission is not possible until appropriate corrective or override action is taken.”
Emergency conditions that require immediate action are to be indicated by flashing red.
Y ellow is to be used to indicate conditions that are “marginal” or to “alert the operator to
situations where caution, recheck, or unexpected delay is necessary.” Satisfactory
conditions are to be indicated with green. White is reserved for indicating “system
conditions that do not have ‘right’ or ‘wrong’ implications.” Blue is approved for use as
an “advisory light, but preferential use of blue should be avoided.” Color coding may also
be used to “differentiate between classes of information in complex, dense, or critical
displays [but] . . . shal not conflict with the [above] color associations’ (DoD, 1989).
Human factors experts also recommend that color coding only be used for identification
of symbols with spatial frequencies greater than about two cycles per degree of visual
angle (particularly saturated blue) and that red and green not be used in the periphery of a
display (Helander, 1987).

More recently, human factors guidelines (Bennett, Nagy, and Flach, 1997) have

extended into methods of adapting to new technology in displaying information. Human



factors experts began to readlize that the basic guidelines for display were sufficient for
displaying data (such as system states) but not necessarily for displaying information
(such as combinations of data needed for planning action). For complex or detailed
displays, human factors experts recommend layering the information with respect to
importance. In other words, the most important information should be the most
prominent visually. Methods of display (i.e. length comparisons vs. volumetric
comparisons) which provide the most effective means of quantifying data are fairly well
understood. Attention-based methods of design focus on the graphical representationsin
a display and aspects related to separability, integrability, and configurality of displayed
information. Human factors experts have agreed that perceptua proximity and
processing proximity should be compatible. In addition, the notion that the choice of
which information to display must depend on the interaction between the domain and the
interface is prominent in the human factors literature (Bennett, Nagy, and Flach, 1997).

The use of information technology (IT) has grown exponentially, both in business
and in government. This technology provides support to workers in terms of automating
duties, expediting information retrieval, alowing ease of making changes to existing
forms and documents, making fast and easy calculations, allowing tracking of work,
displaying the status of systems, etc. All of the information necessary to provide this
support must be displayed in alimited amount of space.

One such system currently being applied as a demonstration project in acommand
and control domain is the Work-Centered Support System Global Weather Management
(WCSS-GWM) application that was developed under the Air Force Research Laboratory

Human Effectiveness directorate’s program caled Global Air Mobility Advanced



Technology (GAMAT). This technology demonstration is an example of a Work-
Centered Support System (WCSS; Eggleston and Whitaker, 2002; Y oung, et. a, 2000).
WCSS technology is a new cognitive-science-based analysis and design methodology for
developing human-computer interfaces that enable very high user productivity, especially
in dynamic and information-dense environments such as command and control. The
WCSS technology leverages cognitive work analysis and advanced user interface design
techniques to provide intuitive user interfaces customized based on the work
requirements. The WCSS approach is designed to develop human-computer interfaces
that support rapid user adaptation to both routine and non-routine/unexpected events by
providing relevant context and intuitive and directly manipulable affordances for action.
The Work-Centered Support System for Global Weather Management (WCSS-
GWM) is a software client application developed with agoal of minimizing the impact of
changing weather conditions on planned and on-going missions (see Fig. 1). The WCSS-
GWM software allows users to select and inspect missions of interest and provides
intelligent-agent-based alerts when weather phenomena may impact those missions. It
provides a consolidated view of weather and air mission data. It provides the user with
the ability to select from a variety of weather and flight related data and arrange them as
different layers on a map of the world in flexible ways to efficiently support dynamic
work requirements. WCSS-GWM has been demonstrated to be useful for weather
forecasters to select relevant areas for prediction, for weather support personnel to
understand which weather changes might affect current and planned flights, and for flight
managers to know when a flight plan might need to be adjusted due to current or

impending weather conditions (see Scott, et. al, in publication).
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Figure 1 — Screen shot of the Work-Centered Support System for Global
Weather Management

The WCSS-GWM application is being expanded for use by other command and
control usersin both the local domain and external domains. The display is already quite
complex in its use of color for the coding of layers and aerting information. Subsequent
iterations of this application are expected to require even more types of information to be
displayed.

Although the work-centered concept is a particularly useful method of displaying
relevant information for use in decision support, for any system, when graphical
information is coded by color, symbology or geometry, “no matter how intelligent the
choice of information, no matter how ingenious the encoding . . . the graph is afailure if
the visual decoding fails” (Cleveland, 1985). It is, therefore, quite important to include
issues of visual perception in the development of any new display.

When several types of information are displayed, the user must visually search for
the information that is most relevant to the task at hand. In some cases, the relevant item

is quite easy to find; it seems to stand out from other elements of the display. In other



instances, search is more perceptually laborious. In past literature, easy searches have
been referred to as paralel and more difficult searches have been referred to as serid
(Treisman, 1998; Treisman, 1988; Treisman, 1991; Northdurft, 1993; Hulleman, et al.
2000; Treisman and Gelade, 1980; Quinlan, 2003; Treisman and Souther, 1985). These
descriptions imply that there is something inherently different about the two types of
stimuli. Although vision researchers are not in agreement that these differences in search
difficulty are truly due to switches between parallel and seria processing, there is wide
agreement that the differences exist and that there is something about the types of stimuli
and combinations of stimuli that lead to them.

In general, when information is displayed, there are three levels of search criteria
The higher levels cannot be achieved unless al lower level criteriaare met. At the lowest
level, a stimulus must be visible. For example, someone looking at a radar display of
various aircraft must be able to see the blips on the screen. At the next level, a stimulus
must be discriminable. For example, if a display used shape to indicate the types of
aircraft present, it would be important for the user to be able to detect those shape
differences if decisions were to be made based on aircraft type. At the highest level, a
stimulus must be conspicuous. For example, if it is important that a warning signal be
noticed, that signal must be displayed in such a manner that, if it appears, it will stand out
from other elements of the display. In the WCSS-GWM display, the alert is such a
signal.

There are a number of objectives of the current research. One specific goal isto
demonstrate that a basic research methodology such as a search task can be useful for

designing and evaluating coding in an applied setting. In this particular case, the goal is



to use a search task to test the effects of the use of color and transparency in a display.
The research effort to date consists primarily of the development of a search task to test
the effects of color and transparency combinationsin the WCSS-GWM display.
METHOD

To date, pilot data only have been collected for this research program. The
following methods were employed in the collection of those data.
Participant

The author (female) acted as subject in the collection of pilot data.
Apparatus

Stimuli were generated using a JAVA computer program written specifically for
use in this research and displayed on flat panel personal computer monitor similar to
those used by the users of the WCSS-GWM display. The pilot studies were run in a
typical office setting.
Procedure

Stimuli (target and distractors) were presented on one of two background types.
The first background type (referred to as original) was generated from screen shots of the
WCSS-GWM display. Initialy, interviews of current and potential users of the WCSS-
GWM weather tool were conducted to assure that any recommended color changes to the
display would not violate user expectations. The second background type (referred to as
recommended) was like the original background except that colors were de-saturated.
This choice was deemed to be the simplest change that could be made that reflected past
research findings. The two background types were present at all times during the

experimental block and were displayed with three levels of clutter — low, moderate, and



high — generated by varying the number of layers displayed in the WCSS-GWM screen
shots.

The target consisted of ared circle similar to the alert in the WCSS-GWM display
and the distractors consisted of a variety of shapes (other that circles) similar to some of
the symbology used in WCSS-GWM. In addition to varying the level of background
clutter, stimuli were presented in set sizes (target and distractors) of 3, 6, 18, or 54. The
colors of the distractors in one condition were similar to the current WCSS-GWM
symbol colors and, in another condition, selected based on the interviews and a brief
review of current human factors literature.

In a typica trial, a fixation cross was presented at the center of the display
background, and the subject focused on that cross. The target and distractor(s) appeared,
and the subject pressed enter when she located the target. The target and distractor set
then disappeared, and the subject placed the cursor in the quadrant where she believed
that the target had been. Inaccurate trials were repeated; only accurate trials were
included in the analysis; less than 10% of trials were inaccurate in all conditions. Data
from inaccurate trials were, however, saved so that they would be available for post hoc
analyses, if needed.

Eight blocks of sixty trials were completed representing two blocks of each
combination of set size (3, 6, 18 and 54) and background color (origina and
recommended). Each blocks consisted of ten trials of each combination of distractor

color (original and recommended) and level of clutter (low, moderate, and high).



RESULTS
There was a significant main effect of de-saturating the background color for all
set sizes (see figure 2) and across all levels of clutter (see figure 3), f = 24.6, p < 0.05.
There were also significant main effects of both set size, f = 5.9, p < 0.05, and
background clutter, f = 7.1, p < 0.05, as would be expected. Although figure 3 shows a
hint of an interaction between background color and clutter, this interaction was not

statistically significant, f = 2.4, p > 0.05.
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background colors
There were no significant main effects for symbol (distractor) color, f = 0.3, p >

0.05. The only set size for which there was any benefit of the new distractor colors was

the largest set size, and that benefit was not statistically significant, f = 1.2, p > 0.05.
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DISCUSSION

The purposes of this pilot research were to verify that it is reasonable to use a
basic laboratory research paradigm in order to make specific recommendations to a very
complex and information-rich display and to determine color sets that might improve the
efficiency of such adisplay so that those sets may be further tested.

It seems that the search task used in the pilot research is an effective way to
determine which display modifications are potentially beneficial. In addition to
providing evidence that the de-saturation of the display background is likely to have a
positive effect on the ability of the user to detect an alert, the search task also alowed us
to pre-test a set of symbol colors in a laboratory situation before applying them to an
actual display. The validity of the search results was supported by the fact that the task
was sensitive to the expected effects of clutter and set size. This task is currently being
applied in further experiments in which effects of color, background, clutter and

transparency are all being investigated.
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N j Display Color Guidelines

8%
o (Helander, 1987) \f

* Limit use of color to 10 or less

* Reserve color use for drawing attention
or means of quickly categorizing data

* Reserve red, green, & yellow for warning,
safe, and caution, respectively

10



\ J Display Color Guidelines BN
“?.-“'1'“-;4 (DoD, 1989) <\

* Emergency — flashing red

* Alert —-red

* Marginal or caution — yellow
e Satisfactory — green

* Advisory may be blue

* May use color to differentiate between classes
of information BUT must not conflict with
above color use

11



The GWM Map Display
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“No matter how intelligent the choice
of information, no matter how
ingenious the encoding . . . the graph
is a failure if the visual decoding
fails.” (Cleveland, 1985)



* Visibility
* Discriminability

* Conspicuity
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_____/f Research Goals of this Pilot Work E?

Combine basic methodology with applied display to
demonstrate usefulness for designing and evaluating
display coding

Compare expected outcomes to results of using this
methodology

Verify expected effects of changing the GWM display
color scheme

Collect pilot data for future research testing use of
transparency as a visual feature

Recommend color sets to test in future evaluation

17



Experimental Design

A 4
N
Block
Expenmental Destgn
Set size Set size
B 2 . 6
’ 'EJ (2 repetitions) W
= | 5| Setsize Set size
. 18 54
B (2 repettions) | (2 repetions)
_@J , Set size Set size
r:E -z 2 6
g (2 repettions) | (2 repetions)
g Set size Set size
E 18 54
(2 repettions) | (2 repetions)

Background Clutter

Low Level of Clutter

Symbaoal colors

Criginal
=vmbol Calors
(10 trials)

Recommended
=ymbol Caolors
(10 trials)

=
o
e

erate Level of Clutter

symbol colors

Criginal
=ymbol Calors
(10 trials)

Recommended
=ymbol Colors
(10 trials)

L

igh Level of Clutter

mymbaol colors

Criginal
=ymbol Colars
(10 trials)

Fecaommended
=ymbol Colars
(10 trials)

Note: Paper (page 9) reports 8 blocks
instead of 16 completed & set size of 3

rather than 2.
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Dell PC with flat panel display
Stimuli generated by JAVA / JYTHON program
Office setting

Procedure

Fixation cross presented at the center of the display background
Mouse click to signal “ready”

Target and distractors appear

Press “enter” or mouse click when target is found

Target and distractors disappear (background remains)

Position cursor over the quadrant where the target had been —
mouse click

Next background appears with fixation cross

A > —a
.
\_..L___J MethOd _-;ﬂ\—”;-
—1— ‘m —/
* Participant
— Female, age 46, normal color vision
* Apparatus
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Moderate Clutter
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High Clutter
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A
N~ Results

- %
ey
=

“’-‘-;_;',__, 7 .

No effect of distractor symbol color
Set size effect, F(3, 29) =5.9, p <0.05
Effect of Clutter, F(2, 39) =7.1, p <0.05

Effect of de-saturation of background,
F(1,119) = 24.6, p < 0.05



Background Color

2
>
2500
2000
Background
E 1500 p <0.05
£ =)
%_ 1000 Set Size
8 F(3,29) = 5.9,
—e— original p <0.05

500

—m—recommended

set size
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Background Color

2
'
3000 -
2500 -
Background
2000 | F(1, 59) = 24.6,
p <0.05
w
£ 1500 - /
) . Clutter
1000 - F(2,39)=7.1,
. p <0.05
—e— original
500 - —=— recommended
0
low medium high

clutter




A y i . ~a
4 Discussion .-,4,%(‘_5
% S

* Search task felt to be effective method of
testing color sets in this type of display

* Verified that background color de-saturation
was effective in speeding search for target

* Method was sensitive to set size effects and
effects of clutter

* Selected task for future research with color
sets and transparency
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A 2
N~ Future Research

e

L 4
=
Al
\> =

° TRANSPARENCY
—Perceptual phenomenon

—Factors leading to / improving the
perception of transparency much studied

— Perception of transparency as a visual
feature not studied

* MORE COLOR SETS
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